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(54)COPOLYMER COMPRISING PHENOL AND 
ANILINE AND ITS PRODUCTION 

(57)Abstract 

PURPOSE: To obtain a copolymer excellent in heat and 
oxidation resistances by copolymerizing a phenol 
monomer with an aniline monomer in a spedfied ratio in 
a solvent in the presence of an enzyme catalyst and an 
oxidizing agent 

CONSTITUTION: A phenol monomer (A) of formula (1) 
(wherein R^ to R3 are each H, an (un) substituted 
hydrocarbon group, amino or hydroxyl) and an aniline 
monomer (B) of formula (2) (wherein R4 to Rq are each 
H, an (un) substituted hydrocarbon group or amino; 
R7 and Rq are each H or an (un) substituted hydrocarbon 
group) are used. Component B is used in an amount of 
5mol% or above in terms of the amount of the structural 
units. As the catalyst, an oxidoreductase such as 
peroxidase Is used, and as the oxidizing agent, a 
peroxide or oxygen is used. Component A is 
copolymerized with component B in a solvent (e.g, 
organic solvent or aqueous solution of a pH of 4-10). 
The concentration of each monomer is 5-500mmol, and 
the oxidoreductase is used in an amount of 2-100mg per 
100 ml of the solvent The oxidizing agent is used in an 
amount 0.5-5 times as large as the weight of the 
monomer, and the molecular weight of the copolymer 



formed is to be 5000-15000. 
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im^mi] Tie®-®^ (1) X'nk^n^yj^y- 




(2) 7-126377 

2 

T ffl v -> T 7 X y y -7 - i: 7 :iU y V - i: 

[11*^6] TSe®-^^^ (1) r-^$n5 7xy- 
y v-hTK®-^^ (2) r-5^stiS7-U> 

10 Hb3] 



(1) (2) 

r^r£l., Rl~R3»iv^-o'*\,=fe>*^S, K^Xli^Bmo 
;K'fb*^a- r$>'»t)b<tt*^»l:3^b, R4~R6 
ttv>^ttt>7jc5g»- B^X»t*»B^®j^^b*m«t) b < 

it7 5 yS&^^b, R7, RgtiV^-f *l.t>>!K^*t> b < 

[Sf*^2] ^tfi^^*ffl4>^»A'5, 0 0 0-15 
0. O0 0tr*5Sf*3^1IBtS®3'xy-;i//7^U V 

[it*«3] Tie®-®^ (1) x^^nhy:cJ- 
jm^ey-^-t, TU<D-m^ (2) -es^^ti, M-^^ 

^ifllftttSi/ift^^btt 7 X y - 
l'fb2] 



R7 



(1) 




(2) 



i^^bTK^S, 7 5y»tb<l±7K^SS;^b, R4~R6 
^±v^-r^^%>7]c^S, gmi±MH«l®jKjb*^St) b < 
ItT^ >/S&5^b, R7, R8l±>'^-r*i.t*^St.b<l± 

[|i*«4] «S^#:©^?gA»5, 0 0 0-1 5 

0 , 0 0 0 T'fe ^m^m 3 BE*!c®itfatta.i/iif^fbtt:7 
YbjlfcP^tbTfflvv Jg^fbi^xtt^^fe^^b^PJiib 
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30 



40 




(1) (2) 

fcf£b, Ri-R3l±v>-rtit>7K^», BSlXti^Bm® 
;S^b7K**, 7 5 y»t>b<tt7K^S$:a^b. R4~R6 
^i^^■r^^t)*^», Bmxii**«m®jK<b*^»t> b < 
tt7$y»$:^b, R7, R8»±V''-f ti-*)*^**) b < »i 
B^Xl±**Bm®;K^b7K^»S:3^1-. 
[if 7 ) ^{bSjcS^^^'^mit 1 0 0 m 1 * fc y 2 

— 1 0 Omg, ^'fblHI*^^ y^-tc>t>rbTO, 5-3f& 
^ST'SU, ^y v-;6^5-5 0 0 5 U^;i/T'fe«>ff* 
m 5 Xltif 6 fs«o X y -;u/7 - U 

[If 8 ] ^mi$my.\t7iimmh h<it^tii^(DU 

-^^&?§^i:bTfflv>, ^©pHAU-l OT'feSit* 
:5 5 Xlilf G |H*EO 7 X y -;U/7 - U 

[|f*«9] ^^bS7tP^7!)^®#*3^0tS'^;i/;t^iy 

fe'T- s tl#3S 5 3Z.»±fl#3s G fe«® 7 X y 
7^ U >*a^#:®S^:&i*. 

[fi*3i 1 0 ] mmit^mtim^mx$> ^m^m s , 
m^m 6 3z.iiif #^9 latg® 7 x y -jv/t- u v^ta 

[0 0 0 1] 

i,. $ ici¥ b < i±. 7ii/:^mmmmTmiti] y -f ij 

[0 0 0 2] 

mMo^m^] y:Lj-)vy.\t^(Dmmwmi)-^^^^^ 
50 t\^yx.j-)\^mm\tm%m^^. wm^^thxn 



3 

[0 0 0 3] Cl®J:^^itfttS:^f ^7x>'-;L'«fllX 
»± T - U V® JH -® ft( ic® {b;<J 3/ 7° U > ^ ic i ^ flU 

•r*HC^^)*iTl.'>-5 (iNf:iiBH6 3-5 0 2 0 7 9) 0* 
[0004] 

ti\ m^^m^&ti^xmm^^r^i^iz. mm^. mm 

tt 2? e. ic \tmnmt(D-r^Xiz *;v ^-cSip S: rife 5 t:f 

ICT-U VlSSrl-fgairbT^Abifey (!i^§§¥l-2 
34421^), 5%OTOSiJ-^T-T-U>«BiS:^« 

©iRlJiSrHtjTt^fe (i|§||BH5 6-1 3682 . 

[0 0 0 5] b*^b, ci*\,e.©7^iS-ei*-&figRrtl'^^>' 
•7~mR^^t\>t=. y . 7- u ymm<D^mt^t>tix b 

S:Wb. b7!)^*,7^U>«flM®i#-oS^^b^6?Ji|#jaS:fe 

[0 0 0 6] ^mmt. ±ti<^mm.^Azi)^A.ir-^mM^ 

[0 0 0 7] 

[0 0 0 8] ^/j:*5*,'^;i/;t^i^3^— 
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^Ji: LTffli^T^xy-^bli^y^-iiy-y y 
V - i: S: mif ft" T' ^ -ttT 7 1 y 7 ^ U 

b, ^ X y e> ^j: -sfi-^^fe i: 7 y vii A^ e. 

^a^rns ©*fi-&(*:T'* -5 7 X y --;u/7 - u >^fi 
[0 0 0 9] 2|s:||Bgicfcl>T»i, v-OSJESttt? 

10 mim^l OOml^fey, ^^bii7T:^^7>^2~l 0 0 

m gT% ^fb^JT'S.Siii^'fb'^fe^i'^ttiJ^A^^ y V- 
tc^bTO. 5~3<g^iT'fey. se.tctt7xy-;i/ 

ISi:7-y V5id>e>'5:S^y v-i;^^5~5 0 0 5 y^ 
;i/T'*aci:*>S*bv^. *fcM^J:bT^tS?§^'»p* 

mm. &^\>^\ti (Dmm ^ UMaitt^xM^ v tzLmmis- 
m.mx^. mif®pHd>4~i oor^-c-&fig36^iit5-r-5 

[0 0 101 7xy-;L^xii7-y>^ic-g-*ix-5a 

20 s.rJ^^o)mmi^x$>ti\imt)r£\,^i)\ #^yv-i:bT 
14, Tiao— (1) T'^$ti,s:7x y->»HS^ y V 
-i;Tfa®— ®^ (2) T'^stiS7-y yv- 

[0 0 11] 

[<b4] 




(1) (2) 

[0 0 12] fcfeb. Ri~R3l4l,^-r*vfe**S- 

ji.\mmiko)^^tyi<mm. 7 5 y b < »±7fci!S&^R 

Tlc^Stj b<i±7 5 y*&^b. R7, Rgiiffti.t)*: 

40 mmi> b < i4a«ix»iMa«i®j^{b7K^s&^i-. 
[0013] ±ia^b^^4 tc tji>T^ b 7 X y 
a.i;57- y >^®#^y^-A^6.-&fig$ti5:7x y-;^ 
/7^y v«fi'&#:^cfe^.^T, ^7- y y V-Sr 
a^^fejt*T-5^;i/%je^±-^^bfc=t)Ott, taffltt, 

^m^mm±mmm. m^mmmmmiz^mx& 

[0 0 14] ^®@ixfe!}§tt&^-r-5 7xy->'l//7^ 

50 m. ^{b^!l*JJ;y5^yv-©ftJtii-ifDM^©$n[R]*s 




(4) 

5 

^y^-Sli, *fi-^^*:0^?S=S:5, 0 0 0-15 
0, 0 0 OrolBHlCf S®'^. 5 — 5 0 0 5 iJ^;i/G)P5 

[0 0 1 5] *||Hg^ct^^^T, 7xy-;i/3i^/^-S: 

±IEYb^^«-^^ (1) ■t=^tE^\<^7x>'-;i^5iS:. 
7^iJ>^^>/v-i:LT|H]*®— ®^ (2) T'^Sti 10 

[0 0 16] (1) -e5^^tiS7xy-;i/|gi±, 

yy, yj^-jvy:i.j—jv, i/>^;i/7x i^Ji 
5=-;u:7x h u ;*^;u7x ;u^cif A^fes. * 

-?-^^mx'^^> 

[0 0 17] —m^ (2) Xm^t\,^7-Vym\t, 7 

T-UV, 7x->»UT-'JV. NBSI3Z.»±N, NK^T 
-U>;«i^fell. |Rliltc2*fc»±3B#|(*:t)^ y^-i: b 
T^ffl pTtgT'S* S . ^ 6 <fc »J >Rfc?tttcS*llffl-hfiS 
>S:y- i; bT, hfili^fctiA^&AV 5 
•eH^$tvfc7x-U>i/T$>A^fey. 30 

if® 1 *ittt2M^$tT'fe:?x^UVi/T5 VtailTr 

[0 0 18] ^5»±r^iJ V^^y^-i: bT*;i/h7 
x-U>i^75> (0-7x-U>i/7$>) S:®^ 
b, y^-iittii^^Jtl : 1 (*;UJt) T-a-^^-ti: 
fc^:^ (fi-g-^K2 4I^Pa) S^-rtOT-SS. [Biatf 
®2ail©:7xy-;i/« (No. 1, 2) T'lt^^dF-S© 40 
3d?'JV-*»#P>*lfc0lC?^b, ^g^^TSVji (No. 
3, 4, 5) T'l±I|X*/)'®l>**^?-ft;6»^-^<£«?)T'*o 

[0 0 19] -^figSJtcJtcffli^^Mifli^^bSjtiS^i:^ 

-fe'A^^ffl nrtgT'* 5 .drop t.^^b^J t bTii^{b#i S: 

■5. !i§icBjft)$i;!M'^;i/;«-*i/3^— fe'lig^ST'A^b 
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xmmt[.xmmxt^. ±ummimiibx 
[0 0 2 0] ^^Em\^my'^i>^mmmic\t, '>-;t=^p-9- 

i'';* ^;i/;lx;UA 7 5 K^j: i: ©TKi: tH— Jg-^-T S t> ® 0fi 
^ P H *U ~ 1 0 ® fBH tciaS S S: ffl V ^ ^ 

hU'^m^^^^mmii\^xm\z.^mxtb^. ±iBtc^ 

SriiS-r ^ CI i: T'^M'&^ilsro^a-d^Sli 5 . QOOKk 
AiX-^^-t -2) C i: AWfgT'* S . 
[0 0 2 1] 

[f^ffl] *%H^t*,n^sMjt^sii, mjmii\^xmm-k 

ffliv b**t)7x>'-;i/Si:r-U>«;0»e.'5:S^ta-^ 

mizm\>^^mim.7mm\i., 7xy-;i/m^7-u>M 

m^bjlKi^^T' J±^{btg*^« < , ijy^'iy ^BM im 

M^ixT^ffiT'feu, rMm'J^^x^WiXi>^. mm 

Mitmmi. 00mlfefey2~l 0 Omg75W*bV^, 

2). 1 0 Omgj(j;±j^jnb-c*>, 
;jijii4iS<i±'5:e>-r. ziy.h<Dmx^mx&^, bA*t> 

[0022] i^mitmi^ iy:h)vm^mmx'ti> y , 
x^m^mm'^^n-ommmimii)^i^m^t\>x\,^ 

^x\t, imitii^mmL^)m\'^mw,x-tb^), mmt(DE 
moin^it, Ei^nmxz.mm^vfu.^'Thts^^iiiK^^x^ 

7^^m,^M^, ^fb^JT'fe-SJi^^bti^mflii 
yT-*^c?^b, 0. 5~3fg^i^j!)B-r^ci:A"^ 
S*bl^. 0. 5fg^**^ir'^±S^S:A^35:^>)i^?■li^t'. 

ig;:i>?*#: b A^-^fiST- # ?S „ * 3 <giF»J2l±^*n^ 

b t ^ ti u b A^-^gg ^ u-rm 

[0023] &.±.m\^X'mm^%:WL'& b fc^-^, 7 X 



7 

10 0mlSiffti5~5 0 05iJ^;bA^M*bV>„ 5 5 
f4:\,K Sfc5 0 0 5 U ^;UJ':t±limjitcmWli< 'Sc U , 

[0 0 2 4] j§«tlC-ov\Tl±, ^t^mii. *?t?£*fc»± 

H7!»W*bl>CDl±, pHAt4*j®T'li^^A»*Sb, P 
HAU 0 i:^>'^-0^^bSfiZ*^fRTbTSiJS 

^c?^!>'ii^Tb^< JSC'S 7!>^e)-es..5 . cwijsg*. ISSph® 

[0 0 2 51 i®flfe®SJt£?*#i:bT, S;SB#Ki:ia-K 
[0 0 2 6] ^^BgtCkoT-^fig^tiS^iy-yi/Jii: 

^b^^T'fes-®^ (1) . (2) X'^-^tii>mmii^'e 
y v-i: bT^i^roii. ;4-;UNfe, A5'r&;JE &tcNfe 

-^W**' 5 ^ ;i/%*jiCD»-^T*tt :7 1 y -;b^J!ii: IBIfll 
i6tS^^btttc^.5. -7^^mtt®7>f;i/A**^i:b-C^ffl 

mmmm^mn-^i^^'^j^-iimm.-ttx.it. loo^ 

[0 0 2 71 ga^c■o^^T^±, ^yv-, ^^fe<i;li:ji 
l!^bi^0ftJtl±. iNFlci^^l±)5:v>*^mifl 0 0 m 1 icfc 
v^bTS^A^5mgm±, Jg®i^b!^»±^yv-»c5i^br 

®^^*$:5. 0 0 0-1 5 0, 0 0 0®|gHtC-rS# 
5-50 0 i^}'t}VO)mX'$>^Ztf}mt.L\,^. 5 

5 'j^;i/*jiT'»i, 5,00 o&.±(D^^Mitm'^i\' 

•f. 5 0 0 5 U^;i/$:M^^i:, ?ii5'v®m^SA>{£T 

[0 0 2 8] :a-^ftd^5, 0 0 0mT®^a:^#:l±. i6f 
l^14tC$&y|lffltClR]A^'5cv>, -7^, 1 50, 000m± 
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'fbT'^'Sv^r i: t,flH§ bfc. z: :iT-^«?g® p Htt^^tc 
Pp1*)'i:i>. — ®6?jtcli4~l 0®|gH*'Sv^i:$ti^ 

SSfbSjcSfiiii^yv-os^Ctt- Se.tc^^«^ 
i±®M^*^e), pH7j^7. Of^fifiA^M^bv^o 
[0029] 

CUSSti'lli) ^v^— i:bT4-7x-;i/7x>'-;i/ 

10 (4-PPXtiPPPi:BS^-5, ) i^o-^x-U^S^' 
75> (o-PDA) $:-?-ti-flt5 0 5 'J^v'UffllV 
1, 4->>'^#-9->t:pH*^7. OT'S^UV^Sffi?^ 
(D80M2 Oi^m%-f)^'^^J^i>U'^PBMl OOm 1 ^C?§}6^ 

i". :io)mm\rzmmt>^xfm^)v:^^'>di^~-^ (hr 

P) 5:2 Omg^*[Ibm»S-frS. S^»Hm"F. 
tcT 3 0 %iS^<b7K^7K^?KSr^ y ^-^Slc^bT 
0. ('®»-^2. 2 6ml) lC_hfB^?S 

lcApxT>R)SSrPi^&-r5. CO^3 0^ra|!ST'4|il, IS] 

iwig^-fb^^Sri^inb (Ji^^bTK^aii^y v-ii®* 

20 tC^sTb, I ^JUl^t) . 2 4^raA^e,7 2^P^?§fS 

[0 0 3 01 M^SB#P^S:2 4^P^i:b, iifl^lt:S:2?# 
vi'nv h^f^:? (GPCffliU) sailed 

-r. (BiHfftc:^-§-A, BT'^$*\,s2a^®;!*a^^* 

;tS0S1i 5: . ® ^ll-^I^P^ S: 7 2 l^pa * T'M*-r 
Si:. B<D&^, :$>^»liAtc^b<55i:oT(.'>< cii:7i< 
30 t>fi^r>t-, 

[0 0 3 1] ^m^W.SM.^\^fz.'^^ 7K^a:-x;i/-e^ 

^^1^4)-^ (DSC) KJ:*Ji^mUS.i:m^V 

1 ~4 icStl". *^MIf!lO«a-^(^®^iHftt 

■fUlSS tiT o S 'J 7 X - U •> K 0#^«l#tt 2; W 

[003 21 Cllfig|f!l2) ||^gt?!|l^c^^^^T#^yv— 
5 0 5 'J^;ufflv^'5®tC'f^t)y, 4-PP$:9 5 5U^ 
o-PDAS:5 5 iJ^;U2:-r'5Jet^ttllife{^l i:|Bl 

^®^#T'^ilS:^7ofc. iism^^i~4ic^i-. 

50 tiT^Tim-i^m^m^r-o 



g 

[0 0 3 3] mMM3. 4) mmmiitt^i^r^^j 

■7-5 0 5 U^/Uffll'-'SCOtcf^^y, ^y^-Wi^ftS: 
2 0 0 5 U^-Zl^i: b, V' — i:T-U>^ 

[0034] mMMS. 6) mM0iHzm\>^X^'f:y 
5$U^;^ (HSi^S) , 5 00$'J^;f (IIS£tF!|6) 

[0035] mmMT-s) mmmiizt^y'^-cA-y 

x-^U^xV— o-^x-UVi^TSvSrfflV'Sf^ 
*)ytc, ^^yv— i:bT. 7xy— >»U (PH) ii7- 

(AN) mm^l) > P-T^y^x 

y'— ;i/ (p-AP) i: o-7x-l/>i^T 5 > (o-PD 
A) S:ffli.^yi*fa (^te^aiS) , $ P.tclip-JC^;U7x 
;!/ (p-EP) i:4->^;i/-o-:7x-l/>i^75 V 

(MPDA) i:m\'^t=.m (IISSM9) ©saoffl*-^*) 

[0036] cuM^aii 0, 1 1) iiife^ydiics^v^T^s- 
^y V— 5 0 5 u^>'pfflw'>-5CDiC'f^*3y . ^yv— ODi^ 
3 5 u^;p (^^fe^f9l 0) , 6 0 0 5 u^^u (His 

^11) i:-rSJit:^l±llfigfia|li;|5l«®*f*T'||^S:t5 
-ofc^Sr^f. •tC0i|g*S:^l-4tc5^-ro 
[0037] CHite^ail 2 — 1 5] ^Jfe«aiiici5:iiTii 
®^{b*^»&-^ (llHlO. 2^», h-^f^H^*) 

a^*);^U!M^;i/:tdpi/3''— fe'»^&2 0mg^fflf 
■5^^t)^J^c, iti^ti2ms mtlliMl2) , 100m 

(20mg) tL, i&m<ty^mM(Dl 

igo^iBSfeo. 2^Mmm^i<r>\rzRt>-^x, -tti^p 
*T-o. imM mmmi4) , o. en mmmi 

ilS:^5ofeo -etie.©iam^si-4ic^-r. 

[0038] CUSS^Fdl 6~1 9] IIKl^fUl lci^i>Tii 
^{bTK^fili-^ (imo. 2^S. h-3'>>bl^i) 
T', 2 Om g^ffl-r 

1 5 Omgi:L/iM (IIM«a|l 7) RZJ^n^ti^T^m^ 
fe-ftii-^ (2 0mg) T% Jiii[<b7jc^S 

Srim^fcuo. 0 8^a (njs^aiis) , o. smA 
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*fLT|ISg«a|l 8®a-^l±0. 4^», IISS^?lJ19©# 
[0039] CIISSff!l2 0~2 4) ||JB«?!|l«)4-7x 

X y -;uicf^*3^ T 7 X y \,'«:/c:llSg|?o 
$e,tc||KgtfJHc*^lt5'JvKi^«i?« (pH = 
7. 0) it^O)^^tb, 1, 4-i/it^'i)->8 0i^m 

%Ki^t>^x. 10 0. 5 0. oii^m%^^-t^m^m 
miim^^^m (^sgt^2o~2 2) , rxj^i. 4-i^^ 

10 =^-9->lt8 0fls:«%®**tU. "J>^^tCfc;*)oTS 
«IKi:b-C^ti-e*i.« (pH=4. 0) &fflv>fc|f!l 
mMm2 3) (pH=10) S:iE-*x^'*l,2 

oft:^%fflv^it^ mmm24) 
i~4tc^-r. 

[0040] C*Sfe^^!l2 5, 2 6] |lig^failC*^v>T. 

u >^M«g?a0^^^3 y ic-eix€ti@^®^i^«i?s ( P H= 

3. 0) Srfflv^fe^ (^SS#!l2 5) SlJ^tS^^ {pH = 

11) mmm^m\'^tzM mmM26) st^^l. ^tvj^^ 
20 mtmmMi tmmo)0k^x'mm^irj-otz, ^tiih(Di^ 

*S:^l~4lC5^-r. 
[0041] C*JSt^2 7, 2 8) ^ifSlJdltCiS^l-^T, 
1, 4-iy:i-^^y<D^t:>iJ\,zmW§miil.Xit\,^ix 

y-^t-M iMWm2Q) Sr^L, ^e^l&m^i-^i|l^g^f!Il i: 

[0 04 2] mmm2 9'i mmmii:-i^\'^x. 'Mwtit 

30 ^vy-ryu (BPA) S:3 0%7tc^?SilLTl|5Ife;ty 

0. 4^i (^y^-»c^^tTi — 3'ju2i§m*mm 
<Df^mi:mi-4\z^-r, 

[0045] mwMso-i mmmnzm\>^x, 4-y 

x-yb^iy-yi/^cf^ti-^T^xy-^uSrfflvv L/*>t> 

(LPO) S:5 OmsfflV'>^lJ^^l±||Sfe^l 

■r. 

40 [0044] [||Sg0!l3 1) IIKSfiBlllCi^l'^T, 4-^ 

x-;i/7xy-;i'tC'f^*3^T*xa-;u (cat) Srffl 
vv M^^i:bT^n'>:f-— fe' (TYR) feBOmgi: 
^^Sr^fflb, ^i^^#i:bTSJE&m^StCtt^l 6m 1 

©s^S:p)?^ii*^sjt£;&gB*&LT24 ^fmm-t 
^^mi~4K^-r. 

[0 04 5] 
[^1] 



(7) 



m 1 





^ ^ -7 - 


7 X y — /U^/m m 0 1 


r— 'J >^/mm 0 i 




4-PP/5 0 


o-PDA/50 


2 


/9 5 




3 


/ 1 3 3 


/6 7 


4 


7 


/l 3 3 


5 


/2. 5 
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